Summary To better understand the molecular and physiological mechanisms underlying maintenance and release of seasonal bud dormancy in perennial trees, we identified differentially expressed genes during dormancy progression in reproductive buds from peach (Prunus persica [L.] Batsch) by suppression subtractive hybridization (SSH) and microarray hybridization. Four SSH libraries were constructed, which were respectively enriched in cDNA highly expressed in dormant buds (named DR), in dormancy-released buds (RD) and in the cultivars with different chilling requirement, 'Zincal 5' (ZS) and 'Springlady' (SZ), sampled after dormancy release. About 2500 clones picked from the four libraries were loaded on a glass microarray. Hybridization of microarrays with the final products of SSH procedure was performed in order to validate the selected clones that were effectively enriched in their respective sample. Nearly 400 positive clones were sequenced, which corresponded to 101 different unigenes with diverse functional annotation. We obtained DAM4, 5 and 6 genes coding for MADS-box transcription factors previously related to growth cessation and terminal bud formation in the evergrowing mutant of peach. Several other cDNAs are similar to dormancy factors described in other species, and others have been related to bud dormancy for the first time in this study. Quantitative reverse transcription polymerase chain reaction analysis confirmed differential expression of cDNAs coding for a Zn-finger transcription factor, a GRAS-like regulator, a DNA-binding protein and proteins similar to forisome subunits involved in the reversible occlusion of sieve elements in Fabaceae, among others.
Introduction
Perennial woody plants from temperate regions, such as peach species (Prunus persica [L.] Batsch), cease growth and become dormant during part of autumn and winter to elude the detrimental effect of exposure to low temperatures. This state has been designated endodormancy because bud growth inhibition is due to signals internal to the bud itself, in contrast to bud growth inhibition by other distal organs (paradormancy) or by environmental factors (ecodormancy). For the purpose of this work, the term dormancy has been employed to refer to the endodormant state. The physiological and genetic control of bud dormancy has been reviewed by different authors (Arora et al. 2003 , Horvath et al. 2003 . In summary, these reviews emphasize the relevant role of daylength shortening, temperature, abscisic acid, ethylene and gibberellins (GA) as signals affecting bud set and dormancy onset and discuss some molecular mechanisms related to the process, including cell cycle regulation, modification of the cell water status and epigenetic regulation. Releasing of bud dormancy requires the completion of a chilling period that leaves the bud in an ecodormant state, susceptible to initiate budbreak after a period of favourable temperatures. The length and intensity of this chilling requirement depend on the species and cultivar under study, suggesting genetic control of this process.
The identification of non-dormant mutants in hazelnut (Thompson et al. 1985) and the evergrowing mutant in peach showing defective terminal bud formation (Rodríguez et al. 1994 ) offered genetic tools to dissect the molecular control of bud dormancy. Recently, a genomic deletion has been identified in the mutant evergrowing that affects several members of a series of six tandemly repeated related MADS-box genes (DAM1-6, for DORMANCY-ASSOCIAT-ED MADS-BOX) in tight linkage to the observed phenotype (Bielenberg et al. 2008) . Thus, DAM genes are considered major candidates to control bud dormancy and meristem growth cessation through regulation of gene expression. However, dormancy release is a complex trait that most likely involves numerous genes. In order to identify dormancy-related genes and to elucidate the molecular mechan-isms underlying bud set and break in different species, several authors used distinct methodological approaches involving studies of gene transcription such as cDNA microarray profiling (Schrader et al. 2004 , Druart et al. 2007 , Mazzitelli et al. 2007 , Horvath et al. 2008 , Mathiason et al. 2009 ), cDNA-AFLP ) and suppression subtractive hybridization (SSH, Jia et al. 2006 , Xin et al. 2008 , Yamane et al. 2008 .
In this paper, we describe the results of a transcriptomic approach for the isolation of cDNA fragments differentially transcribed during the fulfilment of the chilling requirement in peach flower buds. In order to achieve this goal, we first estimated the approximate dormancy release date of the peach varieties 'Zincal 5' and 'Springlady' by measuring the mean time to budbreak (MTB). An RNA sample from 'Springlady' buds (medium chilling requirement) collected just after dormancy release was then compared in a first experiment against RNA from dormant buds of 'Springlady' and in a second experiment against RNA from dormancyreleased buds of 'Zincal 5' (low chilling). Thus, we expected to identify genes regulated during dormancy progression and release in flower buds (first experiment) and other genes whose expression is due to or causing genotypedependent differences in chilling requirement for dormancy release (second experiment). We employed the SSH procedure to perform both RNA comparisons (Diatchenko et al. 1996) , which relies on the selective amplification and enrichment of abundant cDNAs in a sample (tester) when incubated and hybridized with an excess of a reference sample (driver). After hybridization of two sets of cDNA to be compared, an adaptor-based polymerase chain reaction (PCR) approach allows subtraction of common cDNAs and amplification of rare and differentially expressed cDNAs. In addition to genes previously associated with dormancy processes (i.e., DAM genes), other genes not previously related to the dormancy process are described in this work, some of them identified for the first time in peach.
Materials and methods

Plant material
The peach cultivars 'Zincal 5' and 'Springlady' were employed in this study. The two orchards were located in the vicinity of Valencia (Spain 
Budbreak measurements
CO 2 release was measured on excised flower buds introduced into a hermetic jar for 3-4 h at 20°C. Four 1-ml aliquots of the internal atmosphere were withdrawn with a hypodermic syringe and injected into a gas chromatograph (Perkin Elmer Autosample). Carbon dioxide concentration was analysed by a thermal conductivity detector coupled to a Chromosorb column at 60°C. Single bud weight was calculated after weighing a pool of 100 reproductive buds and dividing the value by 100.
The MTB was calculated as described in Gariglio et al. (2006) . Briefly, 20 shoots from the different cultivars at different times were placed with their basal tip in water and forced in a phytotron at an 8-h photoperiod (22.5 μmol/ (m 2 s)) at 20°C for 6 weeks. The shoots were divided into four groups of five shoots each. The basal ends of the shoots were cut weekly, and water was replaced daily. The number of opening buds was recorded three times per week. Time to budbreak of a group of shoots was the time in days required to open at least 50% of the flower buds. The results were expressed as the arithmetic mean of the time to budbreak for the four groups.
Isolation of RNA and mRNA purification
Total RNA was isolated from 0.5-2 g of flower buds (about 50-200 buds) by a guanidine thiocyanate-based protocol applied to high phenolic content tissues (Salzman et al. 1999) . Poly A + RNA was subsequently purified by using the Oligotex® mRNA Purification System (Qiagen) according to the manufacturer's instructions. The mRNA concentration in the solution was measured with the Quant-iT™ RiboGreen® RNA Assay Kit (Invitrogen). The poly A + RNA was concentrated by precipitation with two volumes of ethanol (overnight at −20°C), in the presence of 33 mM NaCl and GlycoBlue™ Coprecipitant (Ambion), and then washed with ethanol 80%. The poly A + RNA was subsequently dissolved in RNase-free water at a concentration of 33 ng/μl.
SSH analysis
SSH was performed according to Diatchenko et al. (1996) with tester and driver cDNAs as shown in Table 1 . Briefly, about 100 ng of poly A + RNA isolated from those samples as shown above was reverse transcribed to cDNA using the SMART™ PCR cDNA Synthesis Kit (Clontech). The resulting cDNA was digested with RsaI and purified using the High Pure PCR Product Purification Kit (Roche). Subtraction was performed with the PCR-Select™ cDNA Subtraction Kit (Clontech) according to the manufacturer's manual. The SSH products were purified using the High Pure PCR Product Purification Kit. Subtracted cDNAs were ligated into the pGEM®-T-Easy vector (Promega) and cloned into JM109 Escherichia coli cells. After growing on plates containing ampicillin, isopropyl-D-thiogalactopyranoside and X-gal, white colonies were picked and incubated overnight at 37°C in 96-well plates containing ampicillin. Sterile glycerol was added to a final concentration of 20% for stable storage of cultures at −80°C. The dormant bud (DR) and dormancy-released bud (RD) libraries were respectively enriched in cDNA abundant in dormant and dormancy-released buds from 'Springlady', whereas 'Zincal 5' (ZS) and 'Springlady' (SZ) libraries were enriched in transcripts from dormancyreleased buds of 'Zincal 5' and 'Springlady', respectively.
Microarray preparation and hybridization
The cloned cDNAs were directly amplified from E. coli cultures. About 5 μl of stored cultures were used as template in 100 μl PCR reactions with Nested PCR primer 1 (5′-TCGAGCGGCCGCCCGGGCAGGT-3′) and Nested PCR primer 2R (5′-AGCGTGGTCGCGGCCGAGGT-3′) by following these conditions: 94°C for 5 min, then 35 cycles of 94°C for 30 s, 68°C for 30 s, 72°C for 2 min and a final extension of 72°C for 5 min. Quality and success of the amplification was confirmed by agarose gel electrophoresis. PCR products were purified using the Multiscreen® PCR μ96 Filtration System (Millipore) and resuspended in water to a final concentration of 200-400 ng/μl. Before printing, purified PCR fragments were transferred to 384-well lowvolume, low-profile plates (Corning) at a final concentration of 100-200 ng/μl in 50% dimethylsulphoxide. Each clone was spotted twice. Samples were spotted on Corning Ultra-GAPS glass slides, using a MicroGrid II spotting device from Biorobotics, in a 16-block format and 12 by 14 spots per block. Slides were crosslinked at 150 mJ and stored. Microarray hybridization was performed as previously described (Ríos et al. 2008) . The SSH final products were labelled with the BioPrime® Plus Array CGH Genomic Labeling System (Invitrogen) according to the manufacturer's instructions. About 500 ng of each sample was labelled with both Alexa Fluor® 555 and Alexa Fluor® 647 fluorescent dyes. Data analysis was performed using the Limma package from R statistical computing software (Gentleman et al. 2004 ). The P-value to control the false discovery rate was adjusted with the Benjamini and Hochberg method. Each comparison of a pair of SSH products required four independent hybridizations with dye swap.
Sequence data analysis
Clones showing a P-value higher than 0.05 in the microarray analysis were not further considered. For sequencing purposes, we gave preference to clones that had at least a twofold signal difference between SSH samples in both microarray comparisons or at least a fourfold signal difference in one of the comparisons. Only microarray-validated clones that consistently produced strong single bands following amplification and digestion with RsaI were sequenced. Base calling, trimming of low quality regions and vector masking were performed with phred and Crossmatch (Ewing and Green 1998) . Reading assembly was performed with CAP3 (Huang and Madan 1999) . Similarity searches were performed with the standalone version of BLAST (Altschul et al. 1990 ) against the National Center for Biotechnology Information (NCBI) non-redundant protein database, using an E value cut-off of 10 −7 . Parsing of the BLAST results was performed with the Bio::SearchIO module from the Bioperl package (Stajich et al. 2002) . Gene ontology and functional annotation were performed with BLAST2GO (Conesa et al. 2005) .
Real-time RT-PCR
Extraction of RNA from reproductive buds at different developmental stages, poly A + RNA purification and quantification, were performed as described above. About 80 ng of poly A + RNA were reverse transcribed with the SuperScript III First-Strand Synthesis System for RT-PCR (Invitrogen) in a total volume of 20 μl. One microlitre of a 10× diluted firststrand cDNA was used for each amplification reaction in a final volume of 20 μl. Quantitative real-time PCR was performed on a StepOnePlus™ Real-Time PCR System (Applied Biosystems), using the Power SYBR® Green PCR Master Mix (Applied Biosystems). Reaction composition and conditions followed the manufacturer's instructions. The primers employed are listed in Supplementary Figure 2 . Cycling protocol consisted of 10 min at 95°C, then 40 cycles of 15 s at 95°C for denaturation and 60 s at 60°C for annealing and extension. Specificity of the PCR was assessed by the presence of a single peak in the dissociation curve after the amplification and through size estimation of the amplified product. The comparative C T (ΔΔC T ) method was used to quantify those cDNAs with amplification efficiencies equivalent to the reference actin gene. PpB20 amplicon, showing different amplification efficiency, was quantified by performing relative standard curves. Results were the average of two independent biological replicates repeated twice.
Results
Two peach genotypes showing different chilling requirements
A genomic approach to the identification of genes and pathways involved in release of seasonal dormancy in peach requires a previous physiological assessment of the varieties under study. Dormancy release is conditioned by the fulfilment of the genotype-specific chilling requirement and other internal factors, which leave buds in an ecodormant state.
Budbreak subsequently happens after ecodormancy release under favourable environmental conditions. Whereas time to budbreak can be estimated by detecting the CO 2 produced by cell respiration in the bud and also by measuring the increase of bud weight due to the initiation of meristem growth, dormancy release time has to be measured by indirect means excluding environmental effects. This was accomplished by calculating the MTB of flower buds from shoots cut at different times and incubated under forcing conditions as shown in Materials and methods. Those parameters were measured at different times during autumn and winter of years 2007-2008 in the cultivars under study: 'Springlady' and 'Zincal 5'. The burst in CO 2 release and increase in bud weight occurred in 'Zincal 5' about 1 month earlier than in 'Springlady' (Figure 1 ), indicating distinct requirements for bud metabolic activation and growth initiation in the two cultivars. However, their different chilling needs for dormancy release could only be estimated by MTB assessment. Since budbreak has a stochastic component, we decided to limit the MTB for dormancy release to an interval of 10-15 days, based on physiological work showing that MTB is usually stabilized in this time interval after dormancy release (Gariglio et al. 2006) . Following this criterion, 'Zincal 5' was 3 weeks earlier than 'Springlady', with release dates 18 December and 8 January, respectively ( Figure 1 ). Interestingly, 'Zincal 5' but not 'Springlady' was able to budbreak to some extent before its dormancy release date. As generally accepted, the length of the chilling period required for dormancy release is a more reliable and comparable measurement of the dormant behaviour of different peach cultivars than simple dates. Thus, by defining a chilling hour (CH) as 1-h interval at 7°C or lower temperature (Weinberger 1950) , we estimated a chilling requirement of 330 CH for 'Zincal 5' and 430 CH for 'Springlady' under our field conditions.
SSH analysis
As stated above, SSH is a widely used approach to isolate differentially expressed genes in two related samples. We designed a double SSH experiment to characterize the time and genotype-dependent regulation of the peach bud transcriptome during seasonal dormancy. In the first experiment, cDNA samples from reciprocally subtracted libraries of dormant buds and dormancy-released buds of 'Springlady' were generated, which were respectively named DR and RD (Table 1 ). In the second experiment, reciprocal libraries from the cultivars 'Zincal 5' and 'Springlady' after bud dormancy release were produced (respectively, ZS and SZ). A total of 2496 clones of putative differentially expressed genes were isolated from the four libraries, with an insert size ranging from 200 to 1500 bp (not shown). Glass microarrays were constructed containing the amplified and purified inserts of these 2496 clones.
In order to validate those clones effectively enriched in any of the four libraries, the final products of the four SSH experiments containing cDNAs accumulated under different condi- tions were labelled with fluorescent dyes, combined in pairs (DR against RD and ZS against SZ) and hybridized to the microarray as described in Materials and methods. With the exception of the RD library with 24%, the rest of the libraries had less than 10% of their respective clones differentially accumulated at levels greater than fourfold (log2-signal ratio >2; Table 1 ). A total of 364 clones showing fourfold differences in cDNA accumulation for either the DR/RD or ZS/SZ comparisons and those having twofold differences for both DR/RD and ZS/SZ comparisons were selected and produced suitable sequence data (Supplementary Figure 1) . A search for coincident clones, as described in Materials and methods, found 101 unigenes represented by 47 contigs and 54 singletons (Tables 2, 3 and 4). Forty-seven of the 101 unigenes were enriched in the RD sample, 46 in DR, 38 in ZS and 31 in SZ. It was expected that many of the unigenes would be found to be enriched in two independent SSH samples, as one of the operational criteria to sequence an expressed sequence tag (EST) was to have a threshold value of twofold differential cDNA accumulation in both DR/RD and ZS/SZ comparisons, but interestingly, a Euler diagram of overlapping groups showed a bias towards the coincidence of RD with ZS (29 unigenes) and DR with SZ groups (21 unigenes) (Figure 2 ). About 50% of the unigenes were not found in a Blastn search against peach EST databases in the National Center for Biotechnology Information (http://www.ncbi.nlm.nih. gov/), arguing for a relevant number of novel ESTs. Of the 51 ESTs with significant similarity to previously described ESTs, nine (18%) have been identified in a SSH approach to isolate low temperature and photoperiod regulated genes in bark (Bassett et al. 2006) , whereas 24 (47%) have been recently described in an article developing genomic tools for the identification of cold-responsive genes from peach fruit mesocarp (Ogundiwin et al. 2008 ; Tables 2, 3 and 4). Tables 2, 3 and 4 contain the annotation and functional classification of unigenes based on Blastx best hits. These tables list separately the sequences enriched in the dormant sample DR (Table 2) , in the dormancy-released sample RD ( Table 3 ) and those that accumulated in ZS or SZ samples but not in DR or RD (Table 4) . Unigenes representing very diverse biochemical, cellular and molecular functions were classified into six major categories: metabolism, oxidation-reduction, stress and defence, signalling and transcription, transport and other. This last category (other) included also unigenes coding for proteins with unknown function or with no similarity in databases. From the 101 studied unigenes, only 13 corresponding to 54 clones did not show any Blastx hit at an E value cut-off of 10 −7 . The most remarkable case in this group is PpB94 containing 22 ESTs in the SZ group of 'Springlady' enriched transcripts. Some of the most striking observations arising from these lists were the high number of peroxidase ESTs found in the RD fraction (77) and the abundant number of transcription factors present in the DR and SZ groups (Tables 2 and 3) . Such simple functional classification gave rise to interesting observations when relating to SSH groups: the RD unigenes were abundant in metabolism and oxidation-reduction categories, whereas the DR group contained numerous unigenes related to stress and defence. On the other hand, the signalling and transport categories were rich in DR and SZ unigenes (Table 5) .
Functional classification of unigenes
Real-time RT-PCR analysis of selected unigenes
In order to confirm the developmental and genotype-dependent regulation of genes obtained in this study, we selected nine unigenes for quantitative expression analysis on RNA collected from flower buds of 'Springlady' and 'Zincal 5' cultivars at different times during dormancy progression and release. An actin gene was used as reference and DAM1 as a control gene showing down-regulated expression during the time interval of the experiment ( Figure 3) . As formerly described by Li et al. (2009) , DAM1 expression level was higher in the October sample and dropped to undetectable levels in the February and January samples of 'Springlady' and 'Zincal 5', respectively. In agreement with the hypothesized role of DAM genes in maintenance of the dormant state, DAM1 expression was very similar in both cultivars in dormant samples but drastically decreased in December in 'Zincal 5', roughly coinciding with dormancy release. Coherently, 'Springlady' maintained high levels of DAM1 transcript until January, when buds break dormancy. Another MADS-box transcription factor gene from the same family (DAM6), which was obtained in our SSH experiment under the name PpB17, followed an expression pattern different from DAM1 but also correlated with the distinct chilling requirements of the studied cultivars. DAM6 cDNA accumulated in the November sample and abruptly fell in December in 'Zincal 5', whereas 'Springlady' levels decreased in January.
Other regulatory unigenes coding for a Zn-finger transcription factor (PpB19) and a putative GRAS-like (GIB-BERELLIN ACID INSENSITIVE, REPRESSOR of GA1 and SCARECROW) regulator (PpB20) were selected for real-time PCR validation. PpB19 expression showed a gradual decrease in 'Zincal 5' genotype from October to January, reaching a final amount of transcript about five times lower than in the first collected sample. However, 'Springlady' maintained similar PpB19 values during the same period to finally drop in February. On the other hand, GRAS-like PpB20 led to a particular profile with punctual variations in expression. Unigene PpB29, coding for a forisome-like protein, was also down-regulated during progression and release of bud dormancy, with consistently lower cDNA levels in 'Zincal 5' than in 'Springlady' from November to January. PpB43 unigene, having no relevant similarities to any known gene in databases, maintained a low and constant expression level in 'Zincal 5' from October to January, whereas expression in 'Springlady' was higher and more variable during this period.
On the other hand, unigenes PpB62, PpB71, PpB87 and PpB88, respectively coding for a putative flavonoid 3-hydroxylase, a putative DNA-binding protein and two polypeptides with no homology in databases, showed a similar pattern of mRNA accumulation in January and February, just after budbreak, and much more intense signals in 'Zincal 5' than in the 'Springlady' background. In order to highlight the late increase in expression of these four genes in both genotypes, different graph scales have been employed for 'Zincal 5' and 'Springlady' data in Figure 3 .
Discussion
Some details on the physiological behaviour of flower buds from 'Zincal 5' and 'Springlady' are shown. The difference in chilling requirement between the two cultivars was estimated to be about 100 CH, which is relatively low when considering that certain peach genotypes have requirements higher than 1000 CH. However, under the mild climate conditions where this experiment was performed, high chilling genotypes cannot be properly cultivated. Despite this limitation, the selected genotypes clearly showed different dormancy-related behaviour during several years, and more relevantly, 'Zincal 5' but not 'Springlady' was able to budbreak to some extent before the fulfilment of its chilling requirement.
The SSH procedure was designed to achieve a list of genes related to dormancy maintenance and release. The DR and RD SSH samples were expected to yield transcripts respectively repressed and induced during CH accumulation and dormancy release in the 'Springlady' background. On the other hand, the ZS and SZ samples were obtained to identify genotype-dependent differences in expression following dormancy release, which could account for some qualitative genetic differences between 'Zincal 5' and 'Springlady' cultivars related to dormancy release.
A low percentage of the 2496 clones contained in the four SSH libraries could be validated by microarray hybridization of SSH final products. By considering twofold differences as a threshold for the signal ratio between forward and reverse probes (M = 1), the interval of validated clones ranged from 15% to 48%, similar to the 29% of differentially expressed clones found in a recent SSH work on bud dormancy in apricot (Yamane et al. 2008 ). These results suggest that simple selection and sequencing of SSH obtained clones could not be a completely reliable procedure to identify differentially expressed genes. Alternatively, such low SSH efficiency The number of ESTs corresponding to each unigene and the Blastx best hit found in the non-redundant protein database from the NCBI are shown. ESTs described in previous works are labelled with 1 (Ogundiwin et al. 2008) or 2 (Bassett et al. 2006 ). may be due to the transcriptional similarity between compared samples, showing a low number of differential transcripts. Under this consideration, the comparatively better efficiency of the RD library could be due to the existence of a relevant number of up-regulated genes along flower bud development and dormancy release. Overlapping of unigene groups shows a bias towards the coincidence of RD and ZS enriched unigenes on the one hand and DR and SZ on the other, which in fact confers a high degree of interest to those genes. Whereas unigenes contained exclusively in RD or DR groups could be regulated by flower development processes or by different environmental stresses and ZS or SZ enriched unigenes could simply correspond to genotype-specific genes, RD/ZS and DR/SZ overlapping unigenes are more likely related to bud dormancy due to their double developmental and genotype-dependent regulation.
A rough functional classification of unigenes highly similar to genes described in other species showed evident differences between the four groups. In group RD, sequences related to metabolism and oxidation-reduction were the most abundant, which fits well with the idea that some basic metabolic activation is required to restart growth and cell division following dormancy and with those previous works linking Relative expression Figure 3 . Real-time RT-PCR analysis of selected unigenes. RNA samples were obtained from 'Springlady' and 'Zincal 5' flower buds harvested during the first days of October (S1 and Z1), November (S2 and Z2), December (S3 and Z3), January (S4 and Z4) and February (S5). Expression levels are relative to actin. An expression value of 1 is assigned to the sample with a higher accumulation of transcript. Different graph scales have been employed for 'Springlady' and 'Zincal 5' data in unigenes PpB62, PpB71, PpB87 and PpB88. Data are means from two biological replicates, with error bars representing standard deviations.
oxidative stress and dormancy release (Nir et al. 1986 , Scalabrelli et al. 1991 . On the other side, group DR was rich in stress and defence genes, as dormant tissues must be prepared against drought and cold stresses appearing during winter time. Moreover, the high presence in this group of unigenes related to signalling and transcription suggests that certain developmental processes might be tightly regulated at the transcriptional level in the dormant stage. SZ and ZS groups reproduced respectively DR and RD tendencies in most of the categories. Some of the genes found in this work were previously identified in a SSH approach to isolate genes regulated by low temperature and photoperiod in peach bark (Bassett et al. 2006) , whereas a high percentage of them were isolated from two cDNA libraries enriched in cold-treated fruit mesocarp (Ogundiwin et al. 2008) . Respectively 9 and 24 unigenes are coincident with these works, coding for a late embryogenesis abundant protein, a dehydrin, two NAC-like transcription factors, a sorbitol transporter and distinct peroxidases among others. Such a high degree of coincidence with work performed on bark and fruit mesocarp suggests that cold and light regulated pathways share common elements between flower buds and these tissues.
The unigenes PpB16, PpB17 and PpB26 are part of six similar genes located in tandem in linkage group 1 (DAM5, DAM6 and DAM4, respectively), which are related to the early flowering genes SHORT VEGETATIVE PHASE (SVP) and AGAMOUS LIKE24 (AGL24) of Arabidopsis thaliana. A deletion affecting these DAM genes has been found linked to the dormancy induction defects observed in the evergrowing (evg) mutant of peach, showing constant growth in terminal meristems and a defect in terminal vegetative bud formation (Bielenberg et al. 2008) . Additional evidence suggesting a role of DAM-like genes in regulating dormancy transition have been obtained in transcriptomic studies in raspberry (Mazzitelli et al. 2007 ), Japanese apricot (Yamane et al. 2008 ) and leafy spurge (Horvath et al. 2008) . The real-time RT-PCR analysis of DAM1 and DAM6 essentially confirms previously published data by Li et al. (2009) with some relevant genotype-dependent particularities. DAM1 and DAM6 major down-regulation started about 1 month earlier in 'Zincal 5' than in 'Springlady', which is approximately coincident with their specific chilling requirements for dormancy release. Transcript accumulation of the DAM6 gene followed that of the DAM1 gene (Bielenberg et al. 2008 , Li et al. 2009 ), suggesting a kind of sequential regulation between them that deserves further study. This work offers additional evidence on the relevant role of DAM genes in delaying dormancy release, but a deeper analysis of DAM gene expression and further biotechnological approaches are required to uncover molecular and physiological details on their function. In addition to DAM-like genes, SSH analysis of the bud dormancy transcriptome of the related species Prunus mume (Japanese apricot) provided a cytochrome P450 EST (AB437326) similar to PpB7 and two xyloglucan endotransglycosylase ESTs (AB437332, AB437340) related to PpB59 (Yamane et al. 2008) . Such a low number of coincidences between species from the common genus Prunus may be due to the few ESTs described in the Japanese apricot article (26) and to the nature of the SSH procedure that produces adjacent RsaI fragments proceeding from the same gene but not matching by BLAST analysis.
Circadian clock and dormancy have been associated by two recent articles in chestnut, showing that CsTOC1 (TIMING OF CAB, CHLOROPHYLL A/B BINDING PROTEIN EXPRES-SION 1), CsLHY (LATE ELONGATED HYPOCOTYL), CsPRR5, CsPRR7 and CsPRR9 (PSEUDO-RESPONSE REG-ULATOR) genes, coding for homologues to components of the Arabidopsis circadian oscillator, lose their circadian daily regulation during winter dormancy and under low temperature incubation (Ramos et al. 2005 . One of the peach unigenes accumulating in dormant buds (PpB25) showed high similarity to CsPRR7, which, in addition to the observation by Horvath et al. (2008) that several circadian regulatory genes are up-regulated following the paradormancyendodormancy transition, increases the accumulated evidence that connects circadian clock with dormancy.
In close linkage to circadian mechanisms are the light signal transduction networks triggered by phytochromes. PpB20 and PpB27 unigenes code for putative GRAS transcription factors that could proceed from the same locus and are very similar to the PAT1 (PHYTOCHROME A SIGNAL TRANS-DUCTION) gene from A. thaliana. A truncated version of PAT1 strongly reduces far-red light signalling mediated by phytochrome A (Bolle et al. 2000) . Despite the fact that PpB20 average expression was slightly higher in December, when the photoperiod is shorter, no reliable conclusions about the light regulation of this gene could be reached due to the absence of significant difference. Other transcription factors identified in this work have different structural or functional domains, such as NAC (PpB18 and PpB21), Znfinger (PpB19 and PpB22), AP2 (PpB24), AT-hook (PpB71), bHLH (PpB72) and PHD-finger (PpB73). The Zn-finger PpB19 showed an attenuated DAM1-like decreasing expression profile after quantitative analysis, which confers to this unigene a high interest for studies of transcriptional regulation related to the dormancy process.
The PpB29 and PpB32 unigenes, up-regulated in dormant buds, are very similar to components of the forisome, a protein aggregate of sieve elements of Fabacean plants that occludes them in a reversible and regulated manner (Noll et al. 2007 , Pelissier et al. 2008 . Real-time analysis of PpB29 showed a gradual drop in expression from December to February, with a significant lower transcript accumulation in the 'Zincal 5' genotype. One attractive idea is that forisome-like structures could be mediating the temporary obstruction of vascular elements to reduce solute exchange and water mobility in dormant buds, but the absence of reports about forisome-like complexes in non-Fabacean plants raises obvious objections. Additional efforts to unravel the activity of these forisome-like elements in other species would help to hypothesize a new role for them in bud dormancy.
Among the unigenes up-regulated in dormancy-released buds, abundant peroxidase-like sequences were found (PpB63, PpB64, PpB65 and PpB67). Previously, other peroxidases have been related to the fulfilment of the chilling requirement in Vitis riparia buds (Mathiason et al. 2009) and to dormancy release in buds of leafy spurge (Jia et al. 2006) . Earlier studies suggest a role of hydrogen peroxide (H 2 O 2 ) in budbreak regulation, based on catalase activity inhibition and H 2 O 2 accumulation occurring during the natural or hydrogen cyanamide-induced breaking of bud dormancy in grapevine (Nir et al. 1986 , Pérez et al. 2008 . This points to a putative detoxifying role of peroxidases by degrading H 2 O 2 produced during budbreak. Other RD unigenes are most likely involved in flower development pathways, such as those coding for the anthocyanin biosynthetic enzymes chalcone synthase (PpB51 and PpB57), dihydroflavonol 4-reductase (PpB53, PpB55 and PpB56) and flavonoid 3-hydroxylase (PpB62).
Comparison of microarray data obtained in leafy spurge with previous studies in different species contributed to identify general processes related to bud dormancy, such as cold and stress responses, circadian regulation, flowering time, chromatin remodelling and hormone responses (Horvath et al. 2008) . Similarity of some of our unigenes to several of those general factors suggests that such interspecific pathways and processes are most likely conserved in peach. For instance, ICE1-like transcription factors involved in cold response were identified in at least three dormancy studies in different species and also in this work (PpB72). Similarly, late embryogenesis abundant proteins (PpB9), dehydrins (PpB11), peroxidases (PpB63, PpB64, PpB65 and PpB67), UDP-galactose 4-epimerases (PpB1), chalcone synthases (PpB51 and PpB57), xyloglucan endotransglucosylases (PpB59) and flavonoid 3-hydroxylases (PpB62), among others, have been recurrently described in previous articles (Schrader et al. 2004 , Jia et al. 2006 , Mazzitelli et al. 2007 , Horvath et al. 2008 , Xin et al. 2008 , Yamane et al. 2008 , Mathiason et al. 2009 ). Such ESTs and others related to plant dormancy for the first time in this work provide insight into the signals and processes regulating bud dormancy in general and offer a series of gene sequences susceptible to be used for markerassisted selection in peach breeding.
